Improvement of Adeno-Associated Virus-Mediated Liver Transduction Efficacy by Regional Administration in Macaca fascicularis.
The liver is a central organ in metabolism and can be affected by numerous inherited metabolic disorders. Recombinant adeno-associated virus (AAV)-based gene therapy represents a promising therapeutic approach for such diseases. AAVs have been demonstrated to be safe, and resulted in high and long-term expression in preclinical and clinical studies. However, there are still some concerns regarding the expression levels that can be achieved and the percentage of hepatocytes that can be transduced. Because of the cell-autonomous nature of most metabolic liver disorders, a high percentage of hepatocytes needs to be corrected in order to achieve a therapeutic effect. The goal of our work was to improve transduction efficacy of the liver by conveying the vector directly to hepatic tissue. Interventional radiology procedures were used to administer an AAV5 vector expressing a secreted form of human embryonic alkaline phosphatase (hSEAP) under the control of a liver-specific promoter to a clinically relevant animal model, Macaca fascicularis. Balloon occlusion of the regional hepatic venous flow was performed while injecting the vector either into the hepatic artery (HA) or, against flow, via the suprahepatic vein (SHV). In both cases the vector was injected into the right hepatic lobules, and the two routes were compared with conventional intravenous administration. Higher hSEAP levels were obtained when the vector was administered via SHV or HA than after intravenous injection. Furthermore, higher expression levels correlated with a higher number of vector genomes in the injected lobules. In conclusion, direct administration of AAV vectors via the hepatic blood flow with simultaneous balloon occlusion of the hepatic outflow increases liver transduction efficacy in comparison with systemic delivery and can be further improved in bigger animals or humans, where it would be technically feasible to inject the vector into the hepatic vasculature in the generality of lobules.